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ABSTRACT 

A low no i se ,  wide-band r e c e i v e r  f r o n t  end i n  t h e  
8 .5  mm (35 G c )  r eg ion  i s  being developed by TRG, Melv i l l e ,  N.Y. 
f o r  Jet Propuls ion Laboratory,  Pasadena, Cal i fornia . .  This  
r e p o r t  summarizes t h e  f i n d i n g s  of t he  Developmental Phase, 
(Phase I) of t h e  program and makes recommendations f o r  t h e  
F i n a l  Phase (Phase 11). 

a 



This  r e p o r t ,  prepared i n  accordance w i t h  the  c o n t r a c t ,  
summarizes the  f ind ings  of t h e  development phase (Phase I) of a 
program t o  provide a low-noise, wide-band r e c e i v e r  f ront -end  f o r  
r a d i o  astronomy purposes i n  the  8.5 mm (35 G c )  r eg ion .  

Under t h i s  program, two types  of a m p l i f i e r  des ign  have 
been eva lua ted  f o r  maximum Survey Range. The f i r s t  type u t i l i z e s  
a s i n g l e  diode i n  s p l i t  waveguide, and t h e  second, a balanced 
diode conf igu ra t ion  w i t h  t h e  b i a s  app l i ed  through t h e  c o a x i a l  i d l e r  
c i r c u i t .  The s ing le -d iode  spl i t -waveguide mount i s  shown i n  F igs .  
1 and 2 .  The diode chip,  mounted i n s i d e  6 m i l  h igh  waveguide, i s  
b i a s e d  w i t h  a gold  mesa con tac t ing  r ibbon.  Spring t ens ion  i n s u r e s  
f i r m  e l ec t r i ca l  c o n t a c t .  Electr ical  tests on the s p l i t  waveguide 
mount showed t h a t  some i d l e r  c i r c u i t  tun ing  could be achieved by 
a d j u s t i n g  t h e  l eng th  of the r ibbon.  With t h i s  i d l e r  c i r c u i t  the 
a m p l i f i e r  e x h i b i t e d  15 db g a i n  w i t h  a 200 G c  i n s t an taneous  bandwidth 
and w a s  tunable  a c r o s s  a 2 G c  frequency range.  This  ampl i f i ca t ion ,  
achieved w i t h  an  excess ive  amount of pump power (200 mw), i n d i c a t e d  
t h e  need f o r  go ld  p l a t i n g  t h e  s u b s t r a t e  of the  d iode  ch ip  used. 
t un ing  range of t h e  diode mount i s  l i m i t e d  by diode q u a l i t y  and 
should improve as b e t t e r  q u a l i t y  diodes become a v a i l a b l e .  

The 

The balanced i n t e g r a t e d  a m p l i f i e r  i s  shown i n  F i g s . 3  
I n  t h i s  mount t h e  i d l e r  c i r c u i t  has .an  a c c e s s i b l e  c o a x i a l  and 4 .  

p o r t  which i s  used f o r  t un ing  and b i a s i n g  t h e  d iodes .  Recent tes ts  
on t h e  balanced mount have shown a tuning  range of 4 G c  w i t h  a g a i n  
of 20 db and an  in s t an taneous  bandwidth of 100 M c .  
encouraging as an  i n i t i a l  s t e p ,  can be improved w i t h  f u r t h e r  eng- 
ineering e f f o r t ,  
b i l i t i e s  of bo th  mounts has  not  y e t  been r e a l i z e d  because of the 
de layed  d e l i v e r y  of diode ch ips  from Sylvania .  

This  performance, 

Development of t he  f u l l  bandwidth and gain capa- 

Delays i n  d e l i v e r y  of h igh  q u a l i t y  v a r a c t o r  ch ips  have 
caused a r e o r i e n t a t i o n  i n  the proposed program f o r  Phase 11. Orig- 
i n a l l y ,  i t  was assumed t h a t  a l l  development of t h e  a m p l i f i e r  would 
be completed a t  t h e  end of Phase I.  I n s t e a d  t h e r e  has  been p a r t i a l  
development of two des igns  wi th  t h e  balanced diode mount des ign  ap- 
pea r ing  somewhat more promising. 



2 .  

During Phase 11, t h e  p re sen t  balanced diode mount, though 
n o t  y e t  complete, would be i n t e g r a t e d  i n t o  the  cooled s y s t e m  w i t h  
p a r a l l e l  engineer ing  e f f o r t  d i r e c t e d  toward improving its electri-  
c a l  performance. 

* 
Noise f i g u r e  measurements on t h e  mount a r e  cons idered  

I premature a t  t h e  p re sen t  t i m e  and w i l l  no t  be made u n t i l  Phase I1 

i s  underway. Losses i n  waveguide runs  and choke j o i n t s  t o  be devel-  
oped during Phase I1 a r e  t o  be cons idered  i n  t h e  o v e r a l l  n o i s e  f i g u r e  
budget . 
Discussion of Contract  Provis ions  

Sec t ion  2 .22  r e q u i r e s  t h a t  all system s p e c i f i c a t i o n s  be 
m e t  w i t h i n  two hours a f t e r  t u r n  on. Using t h e  A .  D. L i t t l e  cryo- 
gen ic  r e f r i g e r a t o r  d i scussed  i n  t h e  proposal ,  cool ing  down the  
a m p l i f i e r  mass t o  20°K w i l l  probably t ake  about 3 hours .  

Secti-on 3.1 specifies t h e  maximum package dimensions of 
. 20" diameter  and 20" l eng th .  The proposed A .  D. L i t t l e  Model 340LS 

- r e f r i g e r a t o r  is ,  i n  f a c t ,  t h e  qn ly  s u i t a b l e  commercial. r e f r i g e r a t o r  
f o r  t h e  p r o j e c t ,  bu t  i t  w i l l  not meet t h e  20'' o v e r a l l  l e n g t h  r e q u i r e -  
ment. It  i s  e s t ima ted  t h a t  an  o v e r a l l  package l eng th  of 28" can be 
achieved w i t h  t h e  A .  D .  L i t t l e  r e f r i g e r a t o r ,  a s  shown i n  F ig .  5.. 

F i n a l l y ,  t h e  c o n t r a c t  c a l l s  f o r  completion of Phase I1 by 
Dec. 24 ,  1966.  JPL i s  aware of t h e  program*delays TRG has  had i n  
ob ta in ing  s u i t a b l e  diodes,  and t h a t  c o n t r a c t  funds were c a r e f u l l y  
conserved. This  de lay  i n  obta in ing  s u i t a b l e  diodes w i l l  ex tend  t h e  
proposed d e l i v e r y  schedule  by approximately t h r e e  (3) months. However, 
p r e s e n t  c o n t r a c t  funds should-be  s u f f i c i e n t  t o  comple t e  t h e  program. 
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FIGURE 1. DIODE. MOUNTED IN SPLIT WAVEGUIDE 
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FIGURE 3 CUTAWAY V I E W  OF 35GC BALANCED 
VARACTOR DIODE A M P L I F I E R  
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